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ABSTRACT 
Pseudomonas spp are largely known to produce siderophores that mainly ensure the Fe(++) chelation. Thus, this mechanism may 
induce an indirect inhibitory effect of plant pathogenic fungi. In this current study, we try to highlight the siderophores production, 
by 20 Pseudomonas strains, using the CAS agar medium. Followed, by siderophores extraction through two methods (liquid-liquid 
and Amberlite XAD4 resin). An antifungal activity with the obtained pure siderophore-extracts were tested against three 
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phytopathogenic fungi of Phaseolus vulgaris L (Fusarium oxysporum f. sp. phaseoli, Stemphylium botryosum and _ Sclerotinia 


sclerotiorum). Furthermore, inhibitory effects were compared by two techniques (disk and well diffusion). Results of siderophores 
production revealed the appearance of orange halos around growth, indicating “Fe” chelation by 13 (65%) of Pseudomonas strains 
on CAS agar medium, from which, 4Pseudomonas strains (P8, P9, P12 and P19) showed hyper siderophores production. The 
comparison between the both extraction methods revealed that Amberlite XAD4 resin extracts are more effective than liquid-liquid 
extracts. Whereas, the antagonistic methods did not reveal significant differences between disk and well diffusion methods. 
Consequently, this lead to conclude that in vitro trials with pure siderophore-extracts are potential inhibitors of phytopathogenic 
fungi. 


Key words: Pseudomonas spp, Phaseolus vigaris L, phytopathogenic fungi, siderophore extracts, antifungal activity. 


1. INTRODUCTION 


Among the important nutrient component, iron is one of the almost essential microelements certainly for every living cells because 
it's none abundance in the environment, particularly in soils (Pahari and Mishra, 2017). Microorganisms have consequently 
developed specific and efficient iron acquirements systems to assure their survival, which include the secretion of siderophores 
(Renshaw et al., 2002; Ortiz-Estrada et al., 2012). Siderophores are secondary metabolites of low molecular weight, between 200 and 
2000 daltons. Whose function is to solubilize, chelate and extract ferric iron from many elements and organic complexes, and for 
that reason perform it accessible to microorganisms (Neilands, 1995; Ahmed and Holmstrém, 2014). They are produced by 
bacteria, fungi, and plants (Rajkumar et al., 2012; Goswami et al., 2016). These molecules have a high affinity for iron (III), and are 
secreted when microorganisms are underneath iron stress, permanency playing an essential function into host-pathogen interaction 
(Hissen et al., 2005). Furthermore, they are endowed with excellent properties in collection to iron scavenging, such as composition 
of complexes with other metals or antimicrobial activity (Cornelis and Matthijs, 2007; Shanmugaiah et al., 2015). Also, siderophores 
contribute to the mobilization of iron and other molecules, and are implicated in virulence processes. Recently, a vigorous relation 
between siderophores and oxidative stress tolerance has been also highlighted (Albelda-Berenguer et al., 2019). 

Particularly, soil phytopathogenic plant microbes and commonly beneficial microorganisms called PGPR (Plant Growth 
Promoting Rhizobacteria) compete to survive in naturally combined communities and numerous environments (Stubbendieck and 
Straight, 2016). More especially, Pseudomonas spp are potential agents for the biological control which suppress plant diseases 
through protecting plants from several fungal infection (Ganeshan and Manoj Kumar, 2005). This high capacity of Pseudomonas to 
inhibit phytopathogens is attributed to their capacity to produce various secondary metabolites (Nagarajkumar et al., 2004; Mishra 
and Arora, 2018). These include antifungal compounds like Pyrrolnitrin which is active against Rhizoctonia spp, Fusarium spp, and 
other plant pathogenic fungi (Ligon et al., 2000). Different species belonging to Pseudomonas genus like P. stutzeri produce 
extracellular enzymes like chitinase and laminase capable of lysing the mycelia of Fusarium solani (Srivastava and Shalini, 2008). Also, 
some Pseudomonas species can also produce levels of HCN (Hydrogen cyanide) that are toxic to certain pathogenic fungi (Rijavec 
and Lapanje, 2016). Whereas, siderophores are important extracellular compounds implicated directly and indirectly in suppression 
effects (O'sullivan and O'Gara, 1992; Rachid and Ahmed, 2005; Gamalero and Glick, 2011; Yasmin et al., 2017; Qessaoui et al., 2019). 
Pseudomonas spp siderophore positive strains were reported to inhibit different plant pathogens (Cheng et al., 1995; Sayyed and 
Patel, 2011; Kirienko et al, 2018). However, this lead to investigate the inhibitory effects of pure siderophore-extracts of 
Pseudomonas against plant phytopathogenic fungi. 

This study was focused on characterization of the antifungal activity of siderophore-extracts from Pseudomonas strains against 
phytopathogenic fungi of Phaseolus vulgaris L (common bean). Also, to compare the antifungal activity of siderophore-extracts 
using two methods (liquid-liquid and Amberlite XAD4 resin). However, the possible variation of the inhibitory effects, according to 
the antifungal activity techniques (disk and well diffusion). 


2. MATERIALS AND METHODS 


2.1. Bacterial strains 

20 Pseudomonas strains were characterized and identified in the previous study by biochemical and physiological tests (Mokrani, 
2019). Identification was carried out by determination of lecithinase production, gelatin liquefaction, KOH solubility, and utilization 
of L-arabinose, D-xylose, sodium tartrate, D-alanine, L-tryptophan, sorbitol and L-arginine (Goszczynska et al., 2000). Grow at 4 °C 
and 41 °C was determined according to Rhodes (1959). Species identification was established according to the dichotomous keys 
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and LOPAT test as described by Krid et al. (2011). Numerical treatment of identification data was performed by online ABIS 


(Advanced Bacteria Identification Software). 
Table 1 represented soil type, plant and bacterial identification of Pseudomonas strains. From all strains, 17 bacteria were isolated 
from rhizospheric soil of Phaseolus vulgaris L and Allium cepa L and 3 strains from bulk soil. 


Table 1 Soil type, plant and bacterial strains identification. 


Bacterial strain codes ID Soil (B/R) Plant 

P1 P. pseudomallei R Phaseolus vulgaris L 
P2 P. plantarii R Phaseolus vulgaris L 
P3 P. cichorii R Phaseolus vulgaris L 
P4 P. corrugota R Phaseolus vulgaris L 
P5 P. alcaligenes R Phaseolus vulgaris L 
P6 P. stutzeri R Phaseolus vulgaris L 
P7 P. plantarii R Phaseolus vulgaris L 
P8& P. cepatia R Phaseolus vulgaris L 
P9 P. pseudomallei R Phaseolus vulgaris L 
P10 P. cepatia R Phaseolus vulgaris L 
P11 P. fluorescens Biovar 2 R Allium cepa L 

P12 P. fluorecens Biovar 2 R Allium cepa L 

P13 P. fluorescens Biovar 2 R Allium cepa L 

P14 P. stutzeri R Allium cepa L 

P15 P. fluorescens Biovar 2 R Allium cepa L 

P16 P. fluorescens Biovar 3 R Allium cepa L 

P17 P. aeruginosa R Allium cepa L 

P18 P. fluorescens Biovar 2 B 

P19 P. stutzeri B 

P20 P. cichorii B 


ID: identification; B: bulk soil; R: rhizospheric soil; P: Pseudomonas 


2.2. Fungal isolates 

Three phytopathogenic fungi were isolated from greenhouse in Tighanif-Mascara (35°24’ N 0°19’E). Fungal isolates were 
recuperated from infected Phaseolus vulgaris L plants. The isolates were: Fusarium oxysporumf. sp. phaseoli, Sclerotinia sclerotiorum 
(Mokrani et al., 2018b); and Stemphylium botryosum (Mokrani et al., 2019b). Fungi isolates were observed macroscopically (Alsohaili 
and Bani-Hasan, 2018) and microscopically (Su et al., 2012). 


2.3. Siderophores detection 

Pseudomonas strains were grown in King’s B agar medium and incubated at 28-30 °C/24-30 h. Siderophores were detected by 
streaking the bacteria on Petri plate’s containing CAS agar. Then, followed by incubation at 30°C/72 h. The formation of orange 
halos around the colonies indicates siderophores synthesis (Yeole and Dub, 2000; Louden et al., 2011). 

CAS agar was prepared according to Alexander and Zuberer (1991) from four solutions that were sterilized separately before 
mixing them. The Fe-CAS indicator solution (solution 1) was prepared by mixing 10 ml of 1 mM FeC13.6H20 (in 10 mM HC1) with 50 
ml of an aqueous solution of CAS (1.21 mg/ml). The mixformed (dark purple) was homogenized with HDMA solution constituting 
volume of 40 ml (1.82 mg/ml). This resulted in a dark blue solution which was sterilized by autoclaving and then cooled to 
50°C.Preparation of the solution 2 or buffer solution was realized by adding 30.24 g of PIPES in 750 ml of a saline solution 
containing 0.3 g KHPO,, 0.5 g NaCl and 1.0 g NH4C1. The pH was adjusted to 6.8 with 50% KOH and water was added to a final 
volume of 800 ml. The solution was autoclaved after adding 15 g of agar, then cooled to 50°C. Solution 3 contained the following 
elements (in 70 ml water): 2 g glucose, 2 g mannitol, 493 mg MgSO4.7H20, Il mg CaClz, 1.17 mg MnSOz.H20, 1.4 mg H3BO3, 0.04 mg 
CuSO4.5H20, 1.2 mg ZnSO4.7H20 and 1.0 mg Naz2MoO..2H20. After preparation and cooling to 50 °C of Solution 3, it was then mixed 
with solution 2 and solution 4 composed of 30 ml of 10% (w/v) casamino acids. The indicator solution was added to the final 
mixture. 
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2.4. Siderophores production 


Bacterial cultures were prepared on a nutrient broth that was incubated at 28-30 °C/3 days. After incubation, bacterial cultures were 
filtrated. Then, 10 ml of each bacterial filtrate were mixed with 0.01 mg of iron, 0.01 g of ferric chloride and 6.6 g of ammonium 
sulphate. The mixtures formed were shaken overnight at 4°C and passed through a filter paper (formed filtrated mixture). 


2.4.1. Liquid/liquid extraction 

Siderophores were extracted by the liquid/liquid method according the modified technique described by (Bertrand, 2009). 
Siderophores were firstly extracted from the filtrated mixture obtained after siderophores production four times with 5 ml of benzyl 
alcohol. The organic phase formed was dried by the addition of magnesium sulfate and filtrated on hydrophilic cotton. The 
procedure was completed by adding 12.5 ml of diethyl. Siderophores were secondly extracted four times with 2 ml of ultrapure 
water. The aqueous phases formed were washed with 5 ml of diethyl ether. 2-3 ml of the siderophore-extracts obtained were 
sterilized using Millipore membrane filter (0.45 ~m). 


2.4.2. Amberlite XAD-4 resin extraction 

For extraction of siderophores 1 g of Amberlite XAD4 resin (Aldrich) was added to the filtrated mixture; and the whole mix obtained 
were shaken for 17 h. The Amberlite XAD4 resin was recovered by filtration on fritted glass and washed four times with 5 ml of 
ultrapure water. 2 ml of methanol was used for siderophores extraction. This procedure was carried out four times. Finally, 2 ml of 
pure siderophore extract formed were sterilized thru 0.45 um Millipore membrane filter (Bertrand, 2009). 


2.5. Antifungal activity of siderophore extracts 

2.5.1. Well diffusion method 

This technique was performed following the modified method described by Wafaa and Mostafa (2012). Agar disk of each 
phytopathogenic fungus was deposed in the center of the Petri plate containing PDA medium. Simultaneously, 50-100 ul of 
siderophore-extracts were introduced in four wells made at a distance of 2-3 cm from the fungus. Incubation of Petri dishes was 
realized at 25°C/6 days. 


2.5.2. Disk diffusion technique 

The Disk diffusion technique consists in placing an agar disk of each phytopathogenic fungi in the center of a Petri plate containing 
PDA medium and four sterile paper disks filled with 50-100 ul of siderophore-extracts at a distance of 2-3 cm from the fungus. The 
Petri plates were incubated at 25°C/6 days (Liu et al., 2019). 


2.5.3. Data expression 

The antifungal activity of siderophore-extracts were characterized by partial or total inhibition of the radial growth of the 
phytopathogenic fungi. The results were expressed by the distance growth between each fungus and the siderophore antagonistic 
extract. Thus, antifungal activity exerted was estimated by calculating the inhibition percentage of mycelia growth of four replicates 
compared to the control (Mohammadi and Aminifard, 2013): 


IP (%) = (r control-r test)/r control * 100 


Where: IP: inhibition percentage; r test: Maximum radial distance of fungus growth on a line towards the siderophore extract; r 
control: Maximum radial distance of fungus growth inoculated alone in the center of Petri plate. 


2.6. Statistical analysis 

The percentages of fungi inhibition were represented by mean + standard deviation. Then, ANOVA/Tukey tests were carried out as 
appropriate. Furthermore, for comparing among siderophore extraction methods and antifungal activity techniques, data obtained 
were treated using the three way analysis of variance (ANOVA) at (P < 0.05) level of significance. 


3. RESULTS 


3.1. Fungal isolates 
Figure 1 showed the macroscopic and microscopic observations of the three phytopathogenic fungi isolated from Phaseolus vulgaris 
L 
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The colony of isolate Fusarium oxysporum f. sp. Phaseoli is yellow and cottony. The isolate Stemphylium botryosum is very 


characteristic showing black color colony surrounded by a whitish zone. Furthermore, the colony of the isolate Sclerotinia 
sclerotiorum is white and revealing the especially presence of 15-20 sclerotia. The microscopic aspects of the three fungi revealed 
branched and compartmentalized hyphae. At least, isolate Stemphylium botryosum showed specific mature conidia of faded color 
and light immature conidia. 


Fig. 1. Macroscopic and microscopic observations of phytopathogenic fungi isolates (al: macroscopic aspect of Sclerotinia 
sclerotiorum; b1: macroscopic aspect of Stemphylium botryosum; c1: macroscopic aspect of Fusarium oxysporum f. sp. phaseoli; a2: 
microscopic aspect of Sclerotinia sclerotiorum; b2: microscopic aspect of Stemphylium botryosum; c2: microscopic aspect of Fusarium 
oxysporum f. sp. phaseoli). 


3.2. Siderophores detection 

Qualitative siderophores production revealed orange halos around growth, indicating Fe chelation. 13 (65%) of Pseudomonas strains 
produced siderophores in CAS agar medium, at the end 72 h of incubation. Estimation of siderophores synthesis varied from low, 
moderate and high production (Table 2). 


Tab. 2. Qualitative siderophores production 


Strains P1 P2 Ps} P4 PS P6 P7 P8 P9 P10 
SID + + - - + - + ++ +++ - 
Strains P11 P12 Ps) P14 P15 P16 Pali P18 Py) P20 
SID - +++ + + + - + + ++ - 


SID: siderophores; +: low production; ++: moderate production; +++: high production; P: Pseudomonas. 


Four strains (P8, P9, P12 and P19) revealed hyper production of siderophores characterized by highest halos around growth 
(Figure 2). This qualitative production test resulted in the screening of these strains for the siderophores extraction and antifungal 
activity tests. 


3.3. Antifungal activity of siderophore extracts 
Taken together, Amberlite XAD4 resin and liquid-liquid extracts exerted antifungal inhibition effects by both well and disk diffusion 
methods (Figure 3). In addition, direct confrontation of siderophore-extracts and phytopathogenic fungi on PDA medium showed 
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variable inhibition zones against the three fungi isolates Fusarium oxysporum f. sp. phaseoli, Sclerotinia sclerotiorum and 


Stemphylium botryosum. 


a . 
Fig. 1. Screening of Pseudomonas strains for siderophores production in CAS medium. (a: strain P8; b: strain P9; c: strain P12; d: 
strain P19). 


a) 
ON 


Fig. 2: Antagonistic activity of siderophore extracts against the phytopathogenic fungi (a: liquid-liquid extract of strain P8 against tS 


o 
ag 


Sclerotinia sclerotiorum by well diffusion method; b: liquid-liquid extract of strain P9 against Sclerotinia sclerotiorum by disk £ 
diffusion method; c: Amberlite XAD4 resin extract of strain P19 against Sclerotinia sclerotiorum by disk diffusion method). 
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3.3.1. Antifungal activity of Amberlite XAD4 resin extracts 

Antifungal activity of the siderophore extracts obtained by Amberlite XAD-4 resin method against the three phytopathogenic fungi 
showed significant differences compared to the control (Figure 4). Firstly, the disk diffusion technique of the four strains exerted a 
high antifungal activity against isolates Sclerotinia sclerotiorum, Stemphylium botryosum and Fusarium oxysporum f. sp. phaseoli 
representing inhibition percentages ranging from 66.0040 to 90.75+0.96; 90.00+1.63 to 93.00+0.82 and 71.25+0.5 to 88.00+1.41, 
respectively. Secondly, well diffusion technique revealed similarly high significant inhibition percentages of 72.0+0.82 to 86.75+1.75; 
87.25+0.96 to 94.040 and 72.25+0.5 to 84.5+1.29, in the same order. 


120 


100 F ab cd abc d a cd be g 


Ho 


80 + f 


IP (%) 


40 } 


P8 P9 _ Pl2 P19 
Strains 


S. botryosum S. sclerotiorum F. oxysporum fs. phaseoli 


P8 P9 P12 P19 
Strains 
HS. botryosum &1S. sclerotiorum -1F. oxysporum fs. phaseoli 


Fig. 3: Inhibition percentages of siderophore extracts by Amberlite XAD4 resin method against phytopathogenic fungi (a: disk 
diffusion technique; b: well diffusion technique). Each bar represents the mean percentage inhibition of each extract evaluated + 
standard deviation. ANOVA/Tukey tests (p<0.05) were carried out as appropriate. Same letters indicate no significant statistical 
difference among means of the same treatment group. 
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3.3.2. Antifungal activity of liquid-liquid extracts 

After incubation, all liquid/liquid extracts showed significant difference against the three phytopathogenic fungi compared to the 
control (Figure 5). For the disk diffusion technique, Amberlite XAD4 resin extracts of the four Pseudomonas strains exhibited 
moderate to low antifungal activity against Fusarium oxysporum f. sp. phaseoli, Stemphylium botryosum and Sclerotinia 
sclerotiorum, representing inhibition percentages varying from 10.25+0.96 to 25.75+0.50; 6.00+0.82 to 10.00+0.82 and 5.25+0.5 to 
30.00+0, respectively. For the well diffusion technique, the highest antifungal activity unregistered ranged from 11.25+1.5 to 
25.0+0.82 against Sclerotinia sclerotiorum. 


(a) 


IP (%) 


P8 P9 P12 P19 
Strains 


S.botryosum  S.sclerotiorum M&F. oxysporum fs. phaseoli 


IP (%) 


P8 P9 P12 P19 
Strains 


FS. botryosum BS. sclerotiorum MF. oxysporum fs. phaseoli 


Fig. 4: Inhibition percentages of siderophore extracts by liquid-liquid method against phytopathogenic fungi (a: disk diffusion 
technique; b: well diffusion technique). Each bar represents the mean percentage inhibition of each extract evaluated + standard 
deviation. ANOVA/Tukey tests (p<0.05) were carried out as appropriate. Same letters indicate no significant statistical difference 
among means of the same treatment group. 
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3.3.3. Antifungal activity interactions 
Statistical analysis using three-way ANOVA analysis confirmed that the antifungal activity for the most treatments were significant 


(Table 3). Performed analysis showed that variation of the antifungal activity was in relation to fungi, siderophore extraction method, 
and antifungal activity technique. Consequently, most their interactions were significant at P < 0.05. 


Tab. 3. Three-way ANOVA analysis of different siderophore extraction methods, against fungi isolates using various antagonistic 


techniques. 
; F value 
Source strain DF R2 
P8 P9 P12 P19 
F 2 6.367 1.591 2.305 1.185 
SEM 1 0.4898 0.6522 2.558 2.16 
AAT 1 80537 73190 75771 43657 
F*SEM 2 3.429 2.843 1.8 0.945 
FXAAT 2 1853 604.7 1311 353.4 
SEM*AAT 1 167.6 0.2348 901.9 766.1 
F*SEM*AAT 2 1454 830.3 857.4 328.6 
’ P value 95.5% 

Source strain DF 

P8 P9 P12 Pig 
F 2 0.0043 0.2177 0.1143 0.3174 
SEM 1 0.4885 0.4246 0.1185 0.1503 
AAT 1 P<0.0001 0.0001 P<0.0001 P<0.0001 
F*SEM 2 P=0.0434 0.0714 P=0.1799 P=0.3981 
FeAAT 2 P<0.0001 0.0001 P<0.0001 P<0.0001 
SEM*AAT 1 P<0.0001 0.6309 P<0.0001 P<0.0001 
F*SEM*AAT 2 P<0.0001 P<0.0001 P<0.0001 P<0.0001 


F: Fungi; SEM: Siderophore extraction methods; AAT: Antifungal activity techniques; DF: Degree of freedom. 


Furthermore, graphical representation of three-way ANOVA test mentioned clearly that antifungal activity of Amberlite XAD4 
resin extracts were more effective than liquid-liquid extracts (Figure 6). Whereas, comparison between disk and well diffusion 
techniques, revealed no significant differences. 


4. DISCUSSION 


Pseudomonas species producing sidorophores are good candidates for the inhibition of several phytopathogenic microorganisms. 
Particularly, their siderophore-extracts can act more effectively in suppressing of phytopathogenic fungi. 

Fungal microbial diseases are the major causes of severe global economic losses to agricultural crops (Sayyed et al., 2013). 
Particularly, plant diseases are the source of 80-100% yield loss of common bean. From which, fungi cause the most damage among 
all the transmittable seed-borne diseases (Kator et al., 2016). On the other hand, Pseudomonas bacteria are ubiquitous in agricultural 
soils and have various metabolic characteristics activating their effectiveness as biocontrol agents of plant pathogens(Weller, 2007). 
Especially, several works had reported that Peudomonas spp. are efficient siderophore producer microorganisms (Raaska et al., 
1993;Bultreys et al., 2001;Tank et al., 2012;De Villegas et al., 2002; Christina Jenifer et al., 2015). These molecules are very important 
for the growth and survival of bacteria in soil (Rajkumar et al., 2010). In the rhizosphere, the concentration of siderophores is 
estimated to range from a few nano molar moles (Le Houedec et al., 2018) to a few micro molar moles (Essén et al., 2006). They 
serve as signal molecules controlling expression in the production of the siderophore itself (Lamont et al., 2002), siderophores are 
also important to the virulence of many pathogens (Ratledge and Dover, 2000; Holden and Bachman, 2015). 

Current findings revealed that pure siderophores of Pseudomonas species obtained using liquid-liquid and Amberlite XAD4 resin 
extraction methods are endowed with a high antifungal inhibition effect against bean phytopathogenic fungi. For instance, it has 
been reported that siderophores exhibited prominent antagonistic activity against Fusarium oxysporum with a maximum inhibition 
rate of 95.24%. Furthermore, in the absence of FeCl3 siderophores can inhibit 11 different phytopathogenic fungi. Electron 
microscopy observations revealed that siderophore solution inhibit fungi spore germination, and affect also spores and mycelia 
structures(Yu et al., 2017). On the other hand, there are several works showing the potential effect of siderophore-extracts as 
antifungal compounds. For example, Maindad et al. (2014) reported the antifungal properties of the partially and completely 
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purified siderophore from Acinetobacter calcoaceticus HIRFA32 by in vitro trials. Indicating their probable effects in suppressing of 


phytopathogenic fungus Fusarium oxysporum. Additionally, siderophore crude extracts of fluorescent Pseudomonas spp isolated 
from paddy rhizosphere revealed antifungal activity against various phytopathogenic fungi (Sivasankari et al., 2008). Also, purified 
siderophores and Pseudomonas cultures had revealed good antifungal activity against plant deleterious fungi, namely, Aspergillus 
niger, Aspergillus flavus, Aspergillus oryzae, Fusarium oxysporum, and Sclerotium rolfsii (Manwar et al., 2004). Especially, siderophore- 
extracts from fluorescent and non-florescent Pseudomonas exerted inhibition percentage ranging from 38.1% to 83.5% against 
Sclerotinia sp, Fusarium sp and Alernaria sp., (Angel et al., 2013). Furthermore, Sulochana et al. (2014) reported that partial 
siderophore-extracts of Pseudomonas aeruginosa JAS-25 purified by gel filtration chromatography using Sephadex G25 tested by 
well plate assay and microphotography method were active against spore germination of Aspergillus niger, Fusarium udum and 
Fusarium oxysporum f. sp. ciceri. 
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o 80 
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Fig. 5: Graphical representation of three-way ANOVA analysis of different siderophore extracts, against fungi isolates using various 
antagonistic techniques (a: disk diffusion technique; b: well diffusion technique; ®: liquid-liquid extracts; e: Amberlite XAD4 resin 
extracts; St-bt: Stemphylium botryosum; Sc-sc: Sclerotinia sclerotiorum; Fop: Fusarium oxysporum f. sp. phaseoli; P: Pseudomonas). 


Pseudomonas species exert the antifungal activity through the production of extracellular lytic enzymes, siderophores, salicylic 
acid, antibiotics, and volatile metabolites, such as hydrogen cyanide (Walker et al., 2001; Manwar et al., 2004). Whereas, as the 
antifungal activity was realized from purified siderophore extracts; the observed inhibitory impacts can be explained solely due to 
the presence of these secondary metabolites. The indirect mode of action of siderophore-extracts in suppression of disease may be 
based on competition for iron with the pathogen (Whipps, 2001).Notably, the importance of siderophores is closely related to iron, 
which is an essential element for different biological processes (Crosa and Walsh, 2002; Ahmed and Holmstré6m, 2014). Decreasing of 
siderophore levels affecting phytopathogenic microorganism's development is the inhibition result of vital cell processes like 
sporulation and nucleic acid production (Mathiyazhagan et al., 2004). In addition, this indirect mechanism by which siderophores 
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inhibit phytopathogenic microorganism is sequestration of iron making it unavailable for pathogenic fungi and thus inhibiting their 
growth (Scher at al., 19982;Rokhbakhsh-Zamin et al., 2011). 
Siderophore extraction methods can vary and affect largely the effectiveness of the antifungal activity test. This can be explained 


by the difference between the degree and the purity of siderophore extracts. Which was higher in the case of extraction by 
Amberlite XAD4 resin method. Zhang et al. (2018) reported that Amberlite XAD resins are efficient extraction techniques of organic 
compounds from aqueous media. For example, the extraction of the primary siderophore “Petrobactin” synthesized by Bacillus 
anthracis Str. requests iron starvation (Koppisch et al., 2005). 

None significant results observed between well and disc diffusion techniques, this could be related to the utilization of equal 
siderophore-extracts volume. Confirmatory screening test involves extraction of the active siderophore constituents from the 
supernatant. Where, disc and well diffusion methods are more suitable in this category test (Odeyemi et al., 2012). The most known 
and basic antibiosis study is the disk-diffusion technique. Other methods are used especially for antifungal testing (Balouiri et al., 
2016). 


5. CONCLUSION 


The current study focused on the determination of siderophore-extracts antifungal activity of Pseudomonas species. This revealed 
that Pseudomonas strains (P8, P9, P12 and P19) showed high inhibitory effects on mycelium growth of three phytopathogenic fungi 
of Phaseolus vulgaris L: Stemphylium botryosum, Sclerotinia sclerotiorum and Fusarium oxysporum f. sp. phaseoli. Two simple 
techniques applied, liquid/liquid and Amberlite XAD-4 resin, were effective to extract pure siderophore compounds. However, 
extracts by XAD4 Amberlite resin was significantly more active in inhibiting growth of the three fungi. Also, the antifungal activity 
technique, well and disc diffusion, do not affect the inhibitory impacts observed. Characterized methods in this study could be used 


as simple and rapid techniques for detection and determination of siderophore-extracts antifungal properties. 
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